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Abstract 
The article deals with the most important and urgent problems of ground strength against the backdrop of the earth leakage and 
the rise of ground water level as a result of the widespread flooding of the areas under construction. 
The purpose of this article is the development of an original mathematical model, which can calculate the process of 
polycondensational gel SiO2 leaching. The use of silica gel can slow down the destruction of loessial soils, increase the safety 
factor for the stabilization of soil which is influenced by different groundwater.  The Bloch equation became the simplest and 
most convenient basis for the mathematical model of the research.  The physical content of the equation says that the more 
concentration of the reagent into the dissolution differs from its limit in the given groundwater, the higher transient rate of this 
reagent into the dissolution. The principal result of this article is the use of this model in building and construction against the 
backdrop of the stabilized soils will significantly increase the efficiency and provide the economic impact. The use of this model 
will increase the processing speed and reduce the cost of construction process thanks to the accurate estimate of costs. The article 
describes the modern problems of innovative technological solutions. The mathematical model can be applied in calculations of 
modern computer aided design. This mathematical model enabled to create soil stability indexes according to the calculation data 
of the gel SiO2 leaching amount in different water environment and the silicified soils, using the different ground stabilization 
methods. These indices may be used during the silicified soil rigidity calculations. The application of these indices enables to 
reduce the essential alkali silicate of 1.4 density consumption and to avoid the reliance on the realization of the expensive 
experiments for the stabilized soil rigidity definition in each specific case.  
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1. Introduction 
The problem of ground strength against the backdrop of the earth leakage and the rise of ground water level is 
one of the most important problems in building and construction. The watering of ground takes place everywhere. 
There are many methods of ground stabilization and one of them is the artificial consolidation of ground to avoid the 
subsidence phenomena[1].  
The durability of buildings and structures is largely dependent on the strength of their foundations. The impact of 
groundwater flooding leads to deformation of buildings and accidents. 
In areas with a high water table and poor soil appear dips soil. They may be associated with suffusion process, 
and other causes. Suffusion called takeaway fine mineral particles and dissolved substances in water, filtered in the 
formation. Therefore, sudden dips in their place are formed crater with a diameter of 3-5 m. Examples of such 
failure has repeatedly been observed in the southern regions of Russia, in Rostov region. 
Soil failures are the most damaging to the property. 
  Lowering the earth's surface leads to a reduction in the depth of the groundwater and could cause flooding of 
basements of buildings, demolition of foundations. 
This is facilitated by alternating layers of water-bearing sand or rock cracked and water-resistant clay rocks, 
fracture planes, flooded areas, and so on.  
Construction of buildings is often carried out with a delay after the digging of pits. As a consequence, the soils on 
which is built the foundation, are repeatedly is frozen, they reduce their strength properties. However, the building 
was projected on them initially to higher physical and mechanical properties, so fragile soils cannot withstand the 
required load. 
Currently, there are many effective modern methods of making the issues involved. Modern year-round in-line 
construction requires significant volumes of earthworks in winter. Development of soil associated with certain 
difficulties, since the negative temperature it freezes the top layer and significantly changes its properties. The 
mechanical strength of the soil during freezing increases and depends on the particle size distribution, temperature 
and humidity. It is characterized by a strength of frozen soil compression and tensile stress (fracture). The highest 
compressive strength at freezing have damp sandy soils (up to 20 MPa). The strength of the frozen soil compression 
in 3 - 5 times higher than its tensile strength, so it is easier to destroy the frozen ground cleavage than cutting. The 
mechanical strength of the soil expresses its resistance to cutting and chipping. Plastic deformation of frozen soil are 
the result of reducing the adhesion between its individual particles due to the melting of non-viable water. They 
increase with increasing temperature, reaching a maximum value at 0 0C when thawed ground under its own weight 
and other loads comes to flow. So when the thaw is necessary to take measures against the slumping slopes of 
grooves and mounds. Initial loosening of frozen ground thawed considerably more, depending on the type of soil 
and the method of loosening. 
To strengthen the soil under the building being erected using the injection method in silicate adhesive primer. 
This method is much more effective in some cases, especially in the reconstruction of ready-made objects 
The aim of this work is the development of original mathematical model, which can calculate the process of 
polycondensational gel SiO2 leaching. This gel determines the residual strength of stabilized soil and its solidity and 
deformation characteristics. In the opinion of the authors the proposed model has great versatility and includes some 
aspects that required separate calculations. In our opinion, the use of this model in building and construction against 
the backdrop of the stabilized soils will significantly increase the efficiency and provide the economic impact. The 
use of this model will increase the processing speed and reduce the cost of construction process thanks to the 
accurate estimate of costs[2-4]. 
The method of mathematical modeling is a common scientific method that allows obtaining the reliable results 
applicable in practice. 
2. Mathematical solution of the problem building. 
The particulate material, which includes loess soils, physical and mechanical properties are highly dependent on 
the strength of the bonds between the individual mineral particles. The nature of these relations is complex and 
diverse. Consider it the modern methods of mathematical modeling is not always possible. 
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Structural links are considered experts in the field of engineering geology as an integral part of the structure, 
without which it is almost impossible to address issues of nature strength and deformation properties, develop 
physical models of soil and describe their behavior under load. 
Any soil can be viewed as consisting of individual structural elements, interconnected through the contacts forces 
of different nature. Thus the strength of structural elements themselves much higher contact strength between these 
elements. Therefore, the strength and other properties are determined soils mainly contacts strength or energy of the 
soil structure. 
In scientific sources the results of several studies on mathematical approximations compression curves. 
For peat and other highly compressible soil compression curves are described by the equations of the logarithmic 
type. Compression curves of sandy and clay soils are well approximated by a power function. 
It is found that the loess soil compression curves are basically the following outline: 
1. close to a straight line; 
2 with an initial curved portion differs slightly incrementally with increasing strain of the vertical pressure. 
These features of the compression curves of loess soils due to the presence of loess soils of strong structural 
links. As long as the external load perceived soil skeleton deformation small sample. Once the operating pressure 
exceeds the strength of structural relationships, increased deformation of the sample. 
Therefore, for a more objective approach to the study of the deformability of loess soil to determine the sediment 
of foundations of buildings and structures, it is necessary to develop a more reliable method of determining their 
structural strength. 
Despite the theoretical possibility of calculating precipitation using various subgrade models, designers use in 
practice method of layering summation, since namely development organizations prepare input data for it. This 
method essentially defines the so-called linear deformable model subgrade, which is used widely. It can be seen as 
developing layering summation method as absorbs the achievements of modern construction. Measurements showed 
that the observed rainfall is significantly higher than the estimated precipitation by the method of layering 
summation. It is needed to determine the deformation modulus E in field trials using stamps 2500-5000 cm2 area 
when calculating the residue of buildings I and II class strength, and for Class III installations compression 
deformation module is recommended to multiply by a factor of Aisha table size from 2 to b. It is not studied the 
physical causes that lead to such a recommendation. The author believes that the method of layering the summation 
of a number of assumptions that lead to material differences between the calculated and observed sediment: 
1. The vertical deformation depends only on the vertical stresses and do not depend on other components of the 
stress tensor. 
2. Do not take into account the structural strength of soil. 
3. Enough depth of compressible base sequences conditionally selected. 
Consideration of these factors makes it possible to construct a hypothetical model eroded by the impact on the 
ground. Based on the mathematical parameters of loess soils, taking into account the limits of the compressibility of 
the soil, the degree of soil leaching, with uchetogm module ground deformation under load is possible to construct 
mathematically correct model of the optimal fixing soil silicate solution. 
Keep in mind that the use of silicate solution has several advantages over a gas silicification in mass construction. 
First of all, simplicity and availability of equipment, technological and low cost of the process. Therefore, the 
calculation and mathematical modeling of material consumption that allows using common computer programs to 
obtain values for optimum flow of material when the necessary design strength 
It is known that the soil loses strength in the aquatic environment. It leads to the destruction of soil and 
foundations of buildings. The use of silica gel can slow down the destruction of loessial soils, increase the factor of 
safety for the stabilization of soil which is influenced by different groundwater[5-7].  
The Bloch equation became the most simple and convenient basis for the mathematical model of the research. 
According to this model, the transient rate of a reagent into the dissolution can be described by this equation: 
 h
dm
y C C
dt
      (1) 
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where Ȗ- is a argument that depends on the size and the shape of the flooded part of the mass; 
 Ch  - the saturation concentration of groundwater by the gel; 
 C – the solution concentration by SiO2 gel at any time. 
This equation describes the system status “solvent – solution”. The physical content of the equation says that the 
more concentration of the reagent into the dissolution differs from its limit in the given groundwater, the higher 
transient rate of this reagent into the dissolution. The application of this model to practical problem solving depends 
on the systems where it is used. 
There is the mathematical relation between the amount SiO2 turned into the dissolution during t and the gel 
concentration in the dissolution.  
 0 0  PM M C C W   ,   (2) 
where M0 – the mass of SiO2 in the sample at initial time; 
 C0 – the concentration SiO2 in the sample at initial time; 
 C – the concentration of the dissolution at any time; 
 WP – the dissolution volume[10-12]. 
 
If we suppose, that the transient rate of SiO2 into the dissolution is in direct ratio to their bearing area with the 
dissolution (Ȗ=Įȕ) and water penetrates with the stabilized soil only after the polycondensational gel dissolving, in 
other words water penetration takes place layer by layer, we will get  this mathematical relation: 
PhJ DE ,   (3) 
where P and h – are height and width of the working area for the stabilization.  
After some essential transformations of  the mathematical relation (3) we succeed the calculation which shows 
the amount of washed off  part of the sample at any time:  
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The desired time for the complete carry-over of SiO2 from the stabilized soil can be described by this equation: 
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 where L- is the water or dissolution layer width which flows about the subsoil; 
 Į,ȕ,ȡ-  the silicified soil characteristics. 
If we suppose, that the transient rate of the reagent into the dissolution is in direct ratio only to their bearing area 
with the dissolution (at full water flood), we will get for the cylindrical form samples with R- radius this 
mathematical model dr A
dt
  . 
 If we transform this expression, we will find:  0 0r r A t t     
 The time rate of A-radius is calculated by observation values of Ri. 
Ai-values are all equal in theory, but in practice they may have distinctions, connected with the properties 
mobility of the stabilized soil in mass and also with the experimental errors[8,9]. 
The models, which show the strength reduction of the silicified soil as the result of SiO2 leaching, can predict as 
the gel amount, so mass stabilization rigidity.  
During the calculations, based on the estimates, besides the silicified soil shapes, we must find out N-parameter 
of groundwater impact and salt load.  
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SiO2 leaching time of the stabilized soil at full water flood can be calculated in laboratory conditions by this 
equation:  
2 2
0 0
0
r1t artg
N Nn
R R
t
DE

  ,  (6) 
where 0r  – is the sample radius, where gel isn’t washed off  at the moment t0; 
 R – is the vessel radius, where the stabilized soil takes place;  
 R0 – is the sample radius. 
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  ,  (7) 
Thus, this final mathematical model (7) may be used in calculations of polycondensational gel SiO2 leaching 
amount in the silicified soil at water flood conditions. This mathematical model enabled to create soil stability 
indexes according to the calculation data of the gel SiO2 leaching amount in different water environment and the 
silicified soils, using the different ground stabilization methods. These indexes may be used during the silicified soil 
rigidity calculations[14-16].  
This mathematical model can be applied in calculations of modern computer aided design. It provides the 
innovation for this technological concept. This concept can be applied practically in design calculations by using the 
soil stability indexes[17-20]. The application of these indexes enables to reduce the essential alkali silicate of 1.4 
density consumption and to avoid the reliance on the realization of the expensive experiments for the stabilized soil 
rigidity definition in each specific case.  
Table 1. The values of the soil stability indexes 
indicator Water 
distil tap ground with salt load, grams per liter 
0,52 2,3 4,4 
gel SiO2 leaching amount per 
total dissolution, mg 
5500 4972 4240 3190 3100 
Strength reduction, % 50 45 39 35 32 
The coefficient of resistance 
grouting 
0,5 0,55 0,61 0,65 0,68 
3. Conclusions 
The description of polycondensational gel SiO2 leaching amount by our mathematical models is provided by an 
experimental approach and it is written as dr A
dt
   
and   
 0 02 2
0 0
r r ..Nartg N Įȕ t t
N r r R R
§ ·
 ¨ ¸ © ¹
Given the dependence on the state of the soils used one solution silicification by injecting into the ground gelling 
solution of two or three components (phosphoric-silicate, silicate and sulfuric acid, hydrofluoric silicate and other 
compounds) for fixing the sand and loess soils with a filtration ratio of 0.5-5 m / day; two solution silicification 
method used to secure the sandy soils with filtration of up to 0.5 m / day ratio, which is alternately injected two 
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solutions (sodium silicate and calcium chloride). As a result of the chemical reaction produces silica gel, giving the 
pound in the short term strength of 2-6 MPa. 
Obviously, the equation complexity isn’t essential for the computer-aided design, however the first mathematical 
model has more simplicity and usability. The comparison of the rigidity designs, made in practice and by computer-
aided design, gave the statistically valid variation.  
Thus, the silicified soil rigidity definition by SiO2 balance is the realizable mathematical model. 
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